Introduction
============

Large cell neuroendocrine carcinoma (LCNEC) is a poorly differentiated neuroendocrine tumor arising from diffuse neuroendocrine systems. LCNEC was initially found in the lung ([@B1]); this was followed by several reports describing LCNEC in various organs, including the thymus, gastrointestinal tract and uterine cervix ([@B2]-[@B4]). Among these locations, primary LCNEC of the mediastinum is considered to be extremely uncommon; only around 40 cases have been reported. The majority of mediastinal LCNECs originate from the thymus, and thymic LCNECs have a poor prognosis in comparison to other types of thymic tumor due to the frequent occurrence distant and lymphatic metastasis, with a 10-year survival rate of 0% ([@B5]). Although a standard treatment approach has not been established, surgical resection remains the first choice. Systemic chemotherapy and radiotherapy are most often indicated as adjuvant therapy and their efficacy is yet to be proven. We herein report a case of primary mediastinal LCNEC of unknown origin. This is the first report to describe the achievement of a complete response (CR) in a patient with mediastinal LCNEC through systemic chemotherapy in conjunction with palliative radiotherapy.

Case Report
===========

A 66-year-old woman with an 11-pack-year smoking history was admitted to our hospital for dyspnea, facial edema and dysphagia. On physical examination, both jugular veins were distended and the patient\'s face, neck and bilateral upper limbs were edematous. Blood tests revealed the following: neuron-specific enolase (NSE), 89.4 ng/mL; pro-gastrin releasing peptide (ProGRP), 1,930 pg/mL; and carcinoembryonic antigen (CEA), 4.4 ng/mL. Enhanced chest computed tomography (CT) revealed a solid mass of 106 mm in diameter in the anterior mediastinum that severely compressed the superior vena cava (SVC) ([Fig. 1A](#g001){ref-type="fig"}). positron emission tomography (PET)/CT revealed an intense uptake (SUV~max~ = 16.9) by the tumor and the right supraclavicular lymph nodes ([Fig. 1B](#g001){ref-type="fig"}). No brain metastasis was found on enhanced brain CT. Immediately after CT-guided biopsy, palliative radiotherapy (total dose: 30 Gy/10fr) was initiated. The tumor was reduced in size to 73 mm in diameter and the SVC obstruction was partially resolved ([Fig. 1C](#g001){ref-type="fig"}) with the improvement of the initial symptoms. A histological examination of the biopsy specimen demonstrated large pleomorphic cells with a high nuclear cytoplasmic ratio and vesicular chromatin, consisting of a solid tumor with large areas of necrosis ([Fig. 2A and B](#g002){ref-type="fig"}). The average mitosis count was 33.3 mitoses per 2 mm^2^. Immunohistochemistry was positive for neuroendocrine markers, including chromogranin A, synaptophysin, CD56 and Ki67 ([Fig. 2C-F](#g002){ref-type="fig"}), and negative for thyroid transcription factor-1 (TTF-1). The Ki67 index was \>50%. The high mitotic rate and immunohistochemical evidence of neuroendocrine markers were consistent with LCNEC ([@B6]).

![(A) Enhanced chest CT revealed a solid mass of 106 mm in diameter with severe obstruction of SVC (arrow) in anterior mediastinum. (B) Intense uptake (SUV~max~=16.9) of the tumor and right supraclavicular lymphnodes (arrowhead) without any other evidence of metastasis on PET/CT. (C) Patency of SVC was restored after radiotherapy. The tumor was reduced to 73 mm. (D) Chemotherapy with cisplatin and etoposide resulted in complete response of the tumor. SVC: superior vena cava](1349-7235-58-0563-g001){#g001}

![Hematoxylin and Eosin (H&E) staining sections and immunohistochemistry of the tumor specimen. H&E staining reveals large pleomorphic cells with large nucleus and vesicular chromatin and high mitotic count (arrows) (A), consisting solid tumor with large areas of necrosis (asterisks) (B). Resting lymphocytes are also indicated (arrowheads) (A). Immunohistochemistry shows positive staining of chromogranin A (C), synaptophysin (D), CD56 (E) and Ki67 (D). Ki67 index was \>50%. Scale bars: 100 μm.](1349-7235-58-0563-g002){#g002}

Following palliative radiotherapy, the patient underwent systemic chemotherapy with four cycles of cisplatin (80 mg/m^2^, on day 1) and etoposide (100 mg/m^2^, on days 1, 2, and 3), which yielded a dramatic tumor reduction. On enhanced CT following chemotherapy, the tumor showed a CR ([Fig. 1D](#g001){ref-type="fig"}); the CR has been maintained for six months.

Discussion
==========

LCNEC is a high-grade tumor that is defined on the basis of histopathologic features of non-small cell cytology, positive staining for neuroendocrine markers, a high mitotic rate (\>10 mitoses per 2 mm^2^), and large areas of necrosis ([@B6]). Although LCNEC was initially recognized as a lung tumor ([@B1]), it has been observed in various organs.

The diagnosis of LCNEC is sometimes difficult, particularly in the case of small cell carcinoma or small cell-LCNEC combined-type, due to morphological continuum between LCNEC and small cell carcinoma. In the present case, as shown in [Fig. 2](#g002){ref-type="fig"}, the tumor cells have all the features that differentiate them from small cell carcinoma: large cells with conspicuous nucleoli and more abundant cytoplasm in comparison to small cell carcinoma. Cell size is the most important diagnostic criterion to distinguish LCNEC from small cell carcinoma ([@B7]) and an arbitrary cutoff of three times the size of lymphocytes is usually used to distinguish "small" cells from "large" cells ([@B6]). As shown in [Fig. 2A](#g002){ref-type="fig"}, the size of the tumor cells was obviously more than three times the size of a small resting lymphocyte. Small cell-LCNEC combined type, a subclass of small cell carcinoma, is defined as containing at least 10% large cells ([@B6]). Given the small size of the needle biopsy specimen and the heterogeneity of cancer cells, this type of small cell carcinoma would be possible. However, no small cells were found in any of the needle biopsy specimen.

The tumor in the present case was presumably derived from the mediastinum because there was no pulmonary uptake on PET/CT. The current definition of LCNEC of the lung and thymus in the 2015 World Health Organization (WHO) classification ([@B6]) is based on the 2004 WHO classification. We searched the PubMed database (either English or Japanese papers) and the Japanese literature for all peer-reviewed case reports on mediastinal LCNEC published after the year of 2005. The prognosis was available for 36 cases, as shown in the [Table](#t001){ref-type="table"} ([@B8]-[@B33]). The origin, in the majority of the reported cases of mediastinal LCNEC, was the thymus. In the 2015 WHO classification for thymic neoplasms, LCNEC is categorized as one of four subclasses of thymic neuroendocrine tumor ([@B6]). Thymic neuroendocrine tumors are the least common thymic malignancy; they account for 2-5% of all thymic neoplasms. Among these, thymic LCNECs account for 14-26% of all thymic neuroendocrine tumors with an estimated incidence of 1 case per 20 million individuals ([@B6]). In the present case, since surgical resection was not performed and the thymus could not be identified on CT images, we were not able to determine whether the tumor originated from the thymus. There have been five previous reports on mediastinal LCNEC of unknown origin ([Table](#t001){ref-type="table"}).

###### 

Literature Review of Mediastinal Large Cell Neuroendocrine Carcinoma.

  Case No.   Reference No.   Age   Sex   Origin    Chemotherapy                           Radiotherapy                 Surgery   Recurrence   RFS (months)   OS (months)   Survival status   
  ---------- --------------- ----- ----- --------- -------------------------------------- ---------------------------- --------- ------------ -------------- ------------- ----------------- -------
  1          \(8\)           57    F     Thymus    Postop CBDCA + VP-16                   Postop 50 Gy                 Op        Yes          7              7             Alive             (ADF)
  2          \(9\)           67    F     Thymus    Postop CDDP + VP-16                    Postop 65 Gy                 Op        Yes          6              9             Dead              
  3          \(10\)          35    M     Unknown   Preop CDDP + VP-16 + BLM/ CDDP + PTX   None                         Op        Yes          nd             12            Dead              (DOD)
  4          \(11\)          44    M     Thymus    Postop Octoreotide                     Postop Rx                    Op        No           3              3             Alive             
  5          \(12\)          48    M     Thymus    Preop Cx                               Postop 51Gy                  Op        No           73             73            Alive             
  6          \(12\)          49    M     Thymus    Preop Cx                               Postop 36Gy                  Op        No           69             69            Alive             
  7          \(12\)          50    F     Thymus    None                                   Postop 51Gy                  Op        No           51             51            Dead              (DOD)
  8          \(12\)          48    F     Thymus    None                                   Postop 60Gy                  Op        No           13             13            Alive             (ADF)
  9          \(12\)          46    M     Thymus    None                                   Postop 51 Gy                 Op        No           95             95            Dead              (DOD)
  10         \(13\)          46    M     Thymus    CDDP + CPT-11/ DTX + AMR               None                         None      Yes          6              14            Dead              (DOD)
  11         \(14\)          55    M     Thymus    Postop CDDP + CPT-11/ DTX + AMR        None                         Op        No           16             16            Alive             (ADF)
  12         \(15\)          44    M     Thymus    None                                   Postop 40 Gy                 Op        Yes          7              13            Alive             
  13         \(16\)          65    M     Unknown   CDDP + CPT-11                          Whole brain radiation        None      Yes          0              11            Alive             
  14         \(17\)          59    F     Thymus    None                                   Postop 50 Gy                 Op        No           6              6             Alive             (ADF)
  15         \(18\)          38    M     Thymus    Preop CDDP + ADM + VCR + CPA           Postop 50 Gy                 Op        Yes          7              7             Alive             
  16         \(19\)          42    M     Unknown   None                                   None                         None      No           2              2             Dead              (DOD)
  17         \(20\)          64    M     Thymus    Postop CDDP + ADM + CPA                Postop 45 Gy                 Op        Yes          12             48            Alive             
  18         \(20\)          57    M     Thymus    Preop CDDP + VP-16                     Postop 60 Gy                 Op        Yes          12             12            Alive             
  19         \(21\)          67    M     Thymus    Postop Cx                              Preop / Postop Rx            Op        Yes          3              3             Dead              (DOD)
  20         \(21\)          42    M     Thymus    Preop Cx                               Preop Rx                     Op        Yes          1              7             Dead              (DOD)
  21         \(21\)          72    F     Thymus    Preop Cx                               Postop Rx                    Op        Yes          2              4             Dead              (DOD)
  22         \(22\)          65    F     Thymus    Postop PTX                             None                         Op        Yes          8              34            Dead              (DOD)
  23         \(23\)          60    F     Thymus    None                                   None                         Op        No           24             24            Alive             (ADF)
  24         \(24\)          44    M     Thymus    Postop CDDP + VP-16                    Preop 45 Gy                  Op        No           36             36            Alive             (ADF)
  25         \(25\)          53    M     Unknown   Preop CDDP + VRB                       Preop 40 Gy                  Op        Yes          7              9             Dead              
  26         \(26\)          68    F     Thymus    Postop CDDP + VP-16                    None                         Op        No           17             17            Alive             (ADF)
  27         \(27\)          71    F     Thymus    Postop CDDP + VP-16                    None                         Op        Yes          12             19            Alive             
  28         \(28\)          51    F     Unknown   Preop CDDP + VRB                       Preop 40 Gy / Postop 30 Gy   Op        No           15             15            Alive             (ADF)
  29         \(29\)          75    F     Thymus    None                                   None                         Op        No           57             57            Alive             (ADF)
  30         \(30\)          28    F     Thymus    Postop CBDCA + PTX                     None                         Op        No           3              3             Alive             (ADF)
  31         \(31\)          44    M     Thymus    nd                                     nd                           nd        Yes          nd             36            Alive             
  32         \(32\)          20    M     Thymus    Postop CDDP + VP-16                    None                         Op        No           9              9             Dead              (DOD)
  33         \(32\)          39    M     Thymus    Postop CDDP + VP-16                    None                         Op        Yes          8              24            Alive             
  34         \(33\)          80    F     Thymus    None                                   None                         Op        Yes          nd             71            Alive             
  35         \(33\)          57    F     Thymus    None                                   Postop Rx                    Op        Yes          nd             30            Alive             
  36         \(33\)          44    M     Thymus    Preop CDDP + VP-16                     Preop Rx                     Op        No           64             64            Alive             
  37         Present case    66    F     Unknown   CDDP + VP-16                           30 Gy                        None      No           6              6             Alive             (ADF)

Preop: preoperation, Postop: postoperation, ADM: adriamycin, AMR: amrubicin, BLM: bleomycin, CBDCA: carboplatin, CDDP: cisplatin, CPA: cyclophosphamide, CPT-11: irinotecan, DTX: docetaxel, VCR: vincristine, PTX: paclitaxel, VCR: vincristine, VP-16: etoposide, VRB: vinorelbine, Cx: regimen not described, Rx: dose not described, Op: operative resection, RFS: recurrence free survival, OS: overall survival, ADF: alive diseae-free, DOD: dead of disease, nd: not described

LCNEC has a highly malignant nature and a high rate of recurrence. The overall survival (OS) and recurrence free survival (RFS) of the 37 cases listed in the [Table](#t001){ref-type="table"} are summarized in [Fig. 3](#g003){ref-type="fig"}. Due to the obvious heterogeneity, the survival analysis of 37 patients will show a certain degree of imprecision; however, it still has some scientific merit because of the rarity of the disease. The median OS was 95 months \[95% confidence interval (CI), 34 to not calculated\] and the 5-year OS and the 10-year OS rates were 55.6 and 0%, respectively, which are consistent with the previously reported 5-year OS rates of 30-66% ([@B9], [@B12], [@B34]) and the previously reported 10-year OS rate of 0% ([@B5]). Recurrence was observed in 19 cases in the [Table](#t001){ref-type="table"} and the median RFS was 12 months (95% CI, 7 to not calculated). Distant metastasis was described in 13 cases; the sites included the lymph nodes, brain, lung, liver, spine, bone, and adrenal glands ([@B9], [@B15], [@B16], [@B18], [@B20], [@B22], [@B25], [@B27], [@B31]-[@B33]). We plan to closely follow the patient at bimonthly intervals to monitor locoregional and distant tumor recurrence.

![Overall survival (OS) and recurrence free survival (RFS) of mediastinal large cell neuroendocrine carcinomas listed in Table.](1349-7235-58-0563-g003){#g003}

The optimal therapeutic strategy for mediastinal LCNEC has yet to be established. The most salient feature of the present case is that a CR was achieved without surgical intervention. Among the 37 cases listed in the [Table](#t001){ref-type="table"}, only four cases were treated conservatively; among these cases, ours was the only case in which a CR was achieved. Surgery has been the mainstay of therapy for mediastinal LCNEC; however, data to support the efficacy of surgical resection are limited. The report of Gaur et al., which retrospectively analyzed 160 cases of thymic neuroendocrine tumor ([@B35]), was the only study to show that surgical treatment was significantly associated with favorable survival; however, the number of LCNECs was not documented.

SVC syndrome with central airway obstruction is potentially life-threatening and the patient received palliative radiotherapy shortly after CT-guided biopsy, which resulted in rapid tumor shrinkage, with a 31% reduction in diameter. As shown in the [Table](#t001){ref-type="table"}, radiotherapy was conducted as part of the initial treatment in 7 cases. The median reduction in tumor size in these cases ranged from 28% to 66%.

We proceeded with systemic chemotherapy after radiotherapy. In previous studies, the role of chemoradiotherapy was only described within the context of adjuvant or neoadjuvant therapy; no curative effect on untreated tumors has been reported. Although Nagata et al. reported that a CR was obtained with carboplatin and etoposide, which was used to treat distant relapse after complete resection ([@B8]), no other reports have described such a remarkable effect of systemic chemotherapy. Our case is, therefore, of great importance, in that it shows the potential for systemic chemotherapy to lead to a CR in primary mediastinal LCNEC. Since the standard chemotherapy regimen has not been established, data from lung LCNECs can provide some clues. For primary lung LCNEC, the efficacy of small cell lung carcinoma-based chemotherapy has recently been proven in two prospective studies ([@B36], [@B37]). Le Treut et al. reported that the median OS and progression-free survival of patients with advanced pulmonary LCNEC who were treated with cisplatin and etoposide were 8.0 months and 5.0 months, respectively ([@B37]). We selected these regimens based on the data and found a remarkable effect. There have been no systematic reports of the efficacy of different regimens for LCNEC of the mediastinum. In [Fig. 4](#g004){ref-type="fig"}, we summarize the OS of 13 cases (from the [Table](#t001){ref-type="table"}) in which systemic chemotherapy was administered as an initial therapy. The combination of cisplatin and etoposide did not show a significant advantage in comparison to other regimens in this small cohort (p=0.59).

![Overall survival (OS) stratified by chemotherapy regimen for 13 cases of mediastinal large cell neuroendocrine carcinomas initially treated with systemic chemotherapy listed in Table. The combination of cisplatin and etoposide ("CDDP+VP-16") is compared with other regimens ("Othres"). The OS of all 13 cases is also shown ("All").](1349-7235-58-0563-g004){#g004}

In conclusion, we reported a case of mediastinal LCNEC that was successfully treated with systemic chemotherapy. While surgery is thought to be the mainstay of therapy, our case shows that cisplatin and etoposide has the potential to produce a dramatic effect. This report suggests the possibility that systemic chemotherapy may play a curative role in the treatment of mediastinal LCNEC, a rare and intractable disease.
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